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© Shaft seal. 

© Shaft seal consisting of an annular body of elas- 
tic material, comprising a fastening flange (1;12). a 
substantial axially extending flexible hinge portion - 
(6;13) and a sealing lip (7;14) said fastening flange, 
hinge portion and sealing lip forming a single piece, 
and said sealing lip (7;14) having a cylindrical con- 
tact surface with the shaft extending over substan- 
tially the entire length of the sealing lip, said length 
being sufficient to receive one or more tensioning 
elements (10,11; 15.16) of an operative width to 
guide the sealing lip concentrically on the shaft over 
its entire axial length. 
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SHAFT SEAL 



The invention relates to a shaft seal consisting 
of an annular body of elastic material which on its 
outer periphery has a fastening flange, is in contact 
with the shaft by means of a sealing lip whose 
outer surface is acted on by an endless garter 
spring extending around it in the peripheral direc- 
tion, and which between the fastening flange and 
the sealing lip has a membrane-like hinge part 
which extends substantially in the axial direction 
and which in the radial direction is flexible and is 
free to move, said fastening flange, hinge part and 
sealing lip forming a single piece. 

A seal of this kind is known, for example from 
Dutch Preliminary Published Patent Application 
7614108, Dutch Patent Application, 6911808, Eu- 
ropean Patent Application 0033964, and many oth- 
ers. 

in all these known sealing rings the sealing lip 
has a sharp edge which bears against the shaft, 
and from which inclined annular surfaces extend 
divergently away from the shaft. This sharp edge 
may become somewhat flattened through the ac- 
tion of deformation, but continues to function sub- 
stantially as a sharp edge. 

These known seals have a number of shor- 
tcomings. 

In the first place it is remarkable that this type 
of seal has been in use for many decades without 
fundamental changes being made to the original 
form of this type of shaft sealing ring. The original 
form of these sealing rings has an elastic lip 
pressed into contact by an annular garter spring. 

These known seals are reasonably satisfactory 
when certain operating conditions have to be met. 
The so-called PV value, that is to say the product 
of the difference in pressure over the seal and the 
peripheral velocity of the shaft, must not exceed 
determined values. 

Also of importance is the maximum permissible 
eccentricity consisting of static and dynamic ec- 
centric ity. This is low. For example, with a periph- 
eral velocity of 5 -10 metres per second and with a 
diameter of 300 millimetres, the eccentricity may 
amount to only 0.4 -0.7 millimetre. 

At the sharp edge of the sealing lip a lubricat- 
ing film is formed as the result of 
elastohydrodynamic effects, but this is seldom 
complete" Very often it is a question of only ex- 
treme boundary lubrication. Extreme boundary 
lubri}ation in turn gives rise to frictional heat, which 
itself must be dissipated in order not to exceed the 
permissible operating temperature of the 



elastomer. If this should however oc}ur, the struc- 
ture of the elastomer will be changed, and it will 
become so hard that grooves will be worn in the 
shaft or the bushes. 

s On each revolution a shaft makes all kinds of 

small movements. The initial stress of the sealing 
lip, the tension of the garter spring, and the dif- 
ference in pressure over the seal, in conjunction 
with the flexiility of the seal, particularly in the 

70 hinge part, must ensure that the seal can follow the 
movements of the shaft. Because of the initial 
stress and of vibrations, the contact surface of the 
sealing lip undergoes continuous shock loading, 
because liquid around the lip is forced away at the 

is shaft frequency but always returns. As long as the 
sealing lip can follow the shaft, the hydrodynamic 
effects will also continue to occur, so that the seal 
remains functional for a long time. The flexibility of 
the hinge part is here also of great importance. 

20 In operation, during the following of the move- 
ments of the shaft an undefinable deformation 
takes place at the sealing lip, in the wedge-shaped 
space situated on the membrane side of the seal- 
ing lip. This deformation continuously varies in the 

25 peripheral direction and is caused by: 

-non-concentric mounting of the seal with respect 
to the shaft; 

30 -shaft movements in the radial direction due to 
bearing play, and 

-manufacturing inaccuracy in the shape of the seal- 
ing !ip in the peripheral direction. 

35 The shaft may also be out of true, assuming 
positions which may vary continuously in depen- 
dence on radial movements of the shaft, and this 
may result in axial movements of the sealing lip 
with respect to the shaft. 

40 The difference in pressure over the seal and 
the influence of temperature may in addition lead 
to deformation. 

With these known seaJs a pumping a}tion oc- 
curs in the wedge-shaped space formed in the 

45 axial direction and in the peripheral direction. In the 
peripheral direction the wedge-shaped space varies 
considerably, so that hydrodynamic pressure builds 
up in it through the rotation of the shaft. The liquid 
pressure in this wedge-shaped space is higher than 

so the pressure of the liquid to be sealed, so that 
liquid passes from the membrane side or heel to 
the front side or nose of fhe sealing lip. In many 
cases this has an advantageous action, because 
any leakages from the seal are pumped back. 
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However, situations may arise in which the 
wedge shape occurs on the nose side of the seal- 
ing lip, for example as the result of overloading 
when considerable pressure differences occur or 
as the result of wear. The pump action then* in- 
creases leakage. 

When the known seais are used for separating 
fcqu.ds^ it frequently happens that liquid is pumped 
from ithe heel side to the nose side of the sealing 
bp. Tfc.s results in the mixing of the liquids which 
should be separated or sealed with respect to one 
another. 

H a plurality of sealing lips are disposed one 
behind the other, for example in the case of a 
snip s propeller shaft, very undesirable situations in 
respect of the PV values frequently occur in the 
separate seal ing | ips . | n me case of the serial 
arrangement of sealing rings of the known type 
wrth interposed chambers, the pumping action and 
temperature changes in this chamber or these 
chambers gj ve rise to a lowering of the pressure 
which in turn results in higher temperatures and 
wear, after which the pressure in these chambers 
nses again and then falls again. In the case of a 
propeller shaft seal this may have the consequence 
that seawater will reach the oil. 

In addition, dirt is brought into the seal by the 
pump,ng action and may be carried in the direction 
of the bearing. 

The invention now seeks to provide a sealing 
ring by means of which the disadvantages outlined 
above can be overcome in a very simple manner 

According to the invention this aim is achieved 
in that the sealing lip is in contact with the shaft by 
means of a cylindrical contact surface which ex- 
tends over substantially the entire length of the 
sealing lip, this length being such that the seaJing 
I'P provides room for one or more tensioning ele- 
ments of an operative width such that the sealing 
lip is always guided on the shaft concentrically to 
me latter over its entire axial length. 

Because of the large axial contact surface be- 
tween the sealing lip and the shaft, the lip cannot 
undergo any angular displacements with respect to 
the shaft. At the same time the hinge part ensures 
that this cylindrical sealing lip follows the eccentric 
movements and the inclination of the shaft in such 
a manner that it always remains concentric to the 
shaft. The nng thus cannot tilt and there is con- 
sequently also no pumping action. The tensioning 
element or elements ensures or ensure that the 
body of the sealing lip retains the correct cylin- 
dncal shape. 



The hinge part may adjoin the sealing lip at a 
point situated between the garter springs. In that 
case the desired length of the hinge part will usu- 
ally result in a seal in which the fastening flange is 
5 situated to the side of the nearest edge of the 
sealing lip. ft j s now in fact no longer possible to 
speak of a sealing lip, but only of a sealing ring. 

However, the hinge part may also be attached 
to one edge of the sealing lip or ring. 
'° According to the invention, it is in addition of 
importance that the hinge part of the sealing ring 
has a length such, and adjoins the seaJing and/or 
the fastening flange with a curvature such that the 
Hp >s axially displaceable" Axial movabtlrry is thus 
'5 possible without resulting in the tilting of the seal- 
ing lip. Expansion of the medium to be sealed can 
thus be taken into account, particularly when this 
occurs between two sealing rings disposed one 
behind the other. 

20 »t may be observed that DOS 29 42 712 dis- 
closes a seal in which the sealing lip provided with 
a garter spnng likewise has a cylindrical contact 
surface. This cylindrical surface is short; it cor- 
responds to only one garter spring, and the hinge 
* part is disposed radially instead of being disposed 
axially. Radial movements of the shaft and its in- 
clination are therefore poorly followed, so that leak- 
age again occurs. Dutch Preliminary Published Pat- 
ent Application 6702658 also disloses a seal which 
30 consists of a fastening flange, a hinge part extend- 
ing substantially axially, and a sealing lip which has 
a narrow cylindrical contact surface behind which a 
s.ngle garter spring is disposed. In this known 
sealing ring it is also not possible to prevent the 
55 tilting of the sealing lip, so that a pumping action 
nevertheless still takes place. Figure 3 of the pre- 
viously mentioned European Patent Application 
0033964 also shows a sealing lip provided with a 
garter spring and having a cylindrical contact sur- 
40 face. This is however formed by radial pressure In 
the unstressed state it has the sharp edge shown 
m Rgures 2 and 4. Furthermore, in this sealing ring 
the portion connecting the fastening flange to the 
sealing lip extends substantially radially and is so 
<s short <md supported and reinforced with metal 
parts that it is practically impossible for radial 
movements of of the shaft to be followed. The 
deformation taking place in this known sealing lip 
results in considerable wear. 
so If a plurality of sealing rings are disposed one 
behind the other, with interposed chambers, further 
problems arise because a liquid which is for exam- 
ple contained in a chamber of this kind, such as oil 
w.ll disappear as the result of expansion through 
55 ra.sed temperatures. Subsequent cooling results in 
a drop in pressure, which in turn brings about 
increased surface pressure. This in turn leads to 
wear and finally to leaks" According to the inven- 
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tton each sealing ring in the seaJing iip can now 
have a bore connecting a lubricating groove ex- 
tending in the contact surface of the sealing lip to a 
chamber situated between successive sealing 
rings. Better lubrication of the bearing surface is 
thus achieved. 

The invention will now be explained more fully 
with the aid of the drawings. 

Figure 1 is a section of one form of con- 
struct.on of the seal according to the invention. 

Figure 2 is a section of another form of 
construction. 

Figure 3 illustrates the application of the seal 
according to the invention to a propeller shaft bear- 
ing" 

The seal shown in Figure 1 consists of a fas- 
tening flange 1, which is clamped between two 
casing parts 2 and 3 with the aid of a stiffening ring 
4. To this fastening flange 1 is attached a hinge 
portion or membrane portion 5 which extends sub- 
stantially axially and which merges by way of a 
curvature 6 into the sealing lip 7, which here is in 
the form of a cylindrical foot provided on each side 
of the curvature with grooves 8 and 9 for garter 
springs 10 and 11 respectively, the latter being so 
disposed that they press the foot 7 over its entire 
axial length against the shaft. 

The sectional shape shows dearly that this ring 
or foot 7 will follow radial movements of the shaft 
and also inclinations of the shaft accurately, without 
being able to make tilting movements or angular 
displacements with respect to the shaft itself. On 
the other hand, slight axial movements are certainly 
possible through flexibility in the axial direction of 
the hinge portion and through the bending of the 
curved portion 6. 

Figure 2 shows an embodiment having a fas- 
tening flange 12, a hinge portion 13 connected 
thereto, and a sealing lip or foot 14, which is in turn 
provided with grooves and garter springs 15 and 

16 respectively, which are likewise so situated that 
they press the foot 14 into contact over its entire 
axial length. 

The difference from the embodiment shown in 
Figure 1 is that the hinge portion 13 is connected 
to the foot 14 by way of the vertical bridge portion 

17 at the outer edge 18 of the foot 14. 

Examination of this sectional drawing will make 
>t clear that this embodiment also enables all dis- 
placements of the shaft to be followed without 
tHting movements and therefore without a pumpino 
action. y 

Figure 3 illustrates the application of a plurality 
of sealing rings of the type shown in Figure 1 to a 
propeller shaft bearing. A number of rings 21 and 
22 are clamped fast on the casing 20 with the aid 



of a flange 23 and bolts 24. Between these rings 
are clamped the sealing rings 25, 26, and 27, the 
rings 26 and 27 being disposed in tandem and the 
rings 25 and 26 being disposed back to back. 
5 All the sealing rings have in the bearing sur- 
face 28 an annular lubricating groove 29, which is 
in communication via a bore 30 with a chamber 31 
between two sealing rings The volume of this 
chamber is made small with the aid of a rim 32 

w extending into the chamber. 

Between the sealing rings 25 and 26 a rim 33 
is similarly disposed. 

These chambers can be filled with a lubricant 
via the bores 34 and 35 respectively. 

is Oil lies to the right of the seal, at 36. Seawater 
lies on its left. 

Since no pumping action takes place, the oil 
will not leak out in ther direction of the seawater 
but will provide lubrication for the bearing surfaces' 

20 This lubrication can have the consequence that an' 
extremely small part of the oil from the space 36 
passes into the chambers lying between the seal- 
ing nngs, which oil must then first pass under the 
foot of the sealing ring 25, then comes via the bore 

25 into the next chamber, and so via bore and bearing 
surface along one or more sealing rings. This is 
however a very gradual movement which is 
brought about by a pressure difference between oil 
and seawater over the deficient lubricating film, and 
30 which is not the consequence of a defrimental 
pumping action" There is then also no fear of 
soiling. 

However, in the reverse direction there is also 
no penetration of seawater, dirt, etc. in the direction 
35 of the oil chamber 36. 



Claims 



<° 1. Shaft seal consisting of an annular body of 
elastic material which on its outer periphery has a 
fastening flange, is in contact with the shaft by 
means of a sealing lip whose outer surface is acted 
on by an endless garter spring extending around it 
« m the peripheral direction, and which between the 
fastening flange and the sealing lip has a 
membrane-like hinge part which extends substan- 
tially m the axial direction and which in the radial 
direction is flexible and is free to move, said fas- 
tenmg flange, hinge part and sealing lip forming a 
single piece, characterized in that the seaJing lip is 
m contact with the shaft by means of a cylindrical 
contact surface which extends over substantially 
the entire length of the sealing lip, this length being 
55 such that the sealing lip provides room for one or 
more tensioning elements of an operative width 
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such that the sealing lip is always guided on the 
shaft concentrically to the latter over its entire axial 
length. 

2. Shaft seal according to Claim 1, character- 
ized in that the hinge part is attached to the sealing 5 
lip at a point situated between the tensioning ele- 
ments. 

3. Shaft seal according to Claim 1, character- 
ized in that the hinge part is attached to an edge of 

the sealing lip. 10 



4.Shaft seal according to Claim 1, 2 or 3, 
characterized in that the hinge part has a length 
such, and is attached to the sealing lip and/or the 
fastening flange with a curvature such that the lip is 
axially displaceable. 

5.Shaft seal according to one or more of the 
preceding claims, provided with a plurality of seal- 
ing rings disposed one behind the other, with inter- 
posed chambers, characterized in that each sealing 
ring in the sealing lip has a bore which brings a 
lubricating groove extending in the contact surface 
of the sealing lip into communication with a cham- 
ber situated between successive sealing rings. 
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